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SEMf -SHADOWING OF ORBITING TRUSSES 
By 

Jack Mahaney^ and Earl Ifiiornton^ 

SlE-iMARY 

Purpose ■■ Detenaine shadowing reductions on heating of orbiting trusses 

Scope ■■ Determination of heating rates with slender member shadowing 
effects included 

■■ Thenaal response of shadowed meaaber 
Analysis Approach 

1, Determine shado'i«.ng 

2. Heating analysis 

3, Thermal analysis 

4. Structural analysis 
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ELEMENT 


OF CABLE 


THERMAL-STRUCTURAL ANALYSIS 
SPACE STRUCTURES 


AKt A X V/ * I e 
1 OI O 


!»,(/' I II tT\S ^ 


(a) CA5LE PRESTRESS 


Cb) APPLIED SURFACE HEATING 


Cc) N0^4LiNEAR TRANSIENT THER^/.AL ANALYSIS . .. . oa 

- • • - • ^ 

- - 

X'-S* 

id) NONLINEAR LARSE DEFORMATION STRUCTURAL ANALYSIS S? 

(O "S 


HOOP COLUMN EXAMPLE IS USED TO DEMONSTRATE THE ANALYSIS, 



THREE APPROACHES 


FOR THERMAL- 


naTFOTiyF 

U\J l_v«/ ! ! V l_ 


STRUCTURAL ANALYSIS OF CABLE STIFFENED 
SPACE STRUCTURES. 


APPROACHES : u) 

( 2 > 



LINEAR SMALL DISPLACEMENT STRUCTURAL 
ANALYSIS WITH PRETENSION. 

linear "stress -stiffening" small 

DISPLACEMENT STRUCTURAL ANALYSIS. 
non-linear large displacement STRUCTURAL 


o o 

•T5 ^ 

o ':2 

O 33 


ANALYSIS WITH PRETENSION. 















LARGE DEFORMATION CABLE ANALYSIS 


0 STRAIN - DISPLACEMENT RELATION 



TERM 


• FINITE ELEMENT FORMULATION ; 

— ESTAdLjSH ELASTIC STRAIN ENERGY EXPRESSION 

— PERFORM MINIMIZATION WRT. NODAL DISPLACEMENTS 
TO OBTAIN F.E. EQS. IN THE FORM : 









LARGE DEFORMATION CABLE ANALYSIS 


ro 

o 




linear 


NONLINEAR 


LOADS 


THERMAL EFFECT 
PRETENSION EFFECT 
concentrated 

DiSTRSEUTED LOADS 


SOLVE THE ABOVE NONLINEAR EQS. USING ITERATIVE TECHNIQUE 
( NEWTON - RAPHSON ITERATION ) . 
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cable: ELCMENTS WiTH THER^ML STRAIN AMD PRE STRESS 

STRESS 


STRESS- STSASN RETL-AXiON : 
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THBRMAL STRAIN 


CTb -* PRE -STRESS 



STR^IM 
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SERIVATiON OF F.E'EQS.' 


— ESTABLISH BLASTfC STRAJN ENERGY 
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CABLE FLErs 4 hNT WITH THERMAL STRAIN AND P RE STRESS 


— EXPRESS S“TRAiN £ I r4 i c.kHS OF DtS PLAcehents 



— M1NSN4|'2E strain E NEAGy W-R-T. Nodal. D!splacememts 
TO o&tajn f e- t"as. : 
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THERMAU strain PRESXRESS 



Hodal. EoADS 


OF POOR QUALITY 



CABLE ELEMENT V^JITH THERMAL STRAIM AND PRESTRESS 


SQLUTIQM METHOD 


/^ppLy newton -RAPHSON ALGorithsv^ TO OSTASNS EOS. 
5N THE FOLUOWJNQ form 
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EXACT SOLUTION OF CATENARY PROBLEM 


CSEFLECTiOM DUE TO OWN WEifiHT: 

» n 1 

I MEXTEKS>ai£ 

AND S ORtGiNAU SH/4Pe ARE ^ 

s= Ui [sinkf i!ial\- s:.,k 

rr>1 I V A H ^ H f 

d L J 

H IS Solved FRotv^ Si t>4 ( !212:£ I ms5-o 

RH 

— For DEFLEc-re-a Shape^ H is sol.V£d from eqs. 

Sm f LL \ -, VJ 

EEAoj" Zu 


^OR'SiWAi, SMAPE 




-DcFLECTSO shape 


EKTENSIBUE 


I0-0RD)NATES of DSFi_EC.-TED POINTS ARE GIVEN By 


HS H L 
JC. =. -»■ 

S' Ao V** 


, ws 

c A© 




Deflection im 'S-D!Rn is w= 2^_2, 
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PRETENSION ANALYSIS 


USING A COMPUTER CODE DEVELOPED CASLE PRETENSIONS ARE COMPUTED 


SUCH THAT THE STRUCTURE IS IN : 


— REQUIRED GEOMETRY 

— EQUILIBRIUM 


CABLE PRETENSIONS OBTAINED ARE TRANSFERRED DIRECTLY TO THE 
LARGE deformation STRUCTURAL ANALYSIS PROGRAM ( AS* PREtENSidN”'' 

EFFECT ) WHICH WILL BE INCLUDED IN THE FINAL DISPLACEMENT AND 
STRESS COMPUTATIONS. 
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rORCE 
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141 
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4 

200 

3 

452 

6 

43 

j':: 

24 

6 

33 ■ 

9 

2SS 

10 

140 

II 

3S3 

12 

-511 

13 

-sso 


I9.es 
20- ES 
23. EG 
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HEATING RATE ANALYSIS 


HEAT SOURCES INCLUDE; 

— SOLAR 

— EARTH EMISSION 
— EARTH AL5EDO 

ELEMENT HEATING RATES ARE COMPUTED AT DIFFERENT ORS5TAL POSITIONS 
FOR AN OR&IT. 

THESE ELEMENT HEATING RATES ARE TRANSFERRED DIRECTLY TO THE 
THERMAL ANALYSIS PROGRAM FOR COMPUTATION Or ELEMENT TEMPERATURE 


RESPONSES. 



HEATING RATE 


fYPlCAL CABLE 5URFACE HEATING RATES 








THERMAL ANALYSIS 


ASSUME ISOTHERMAL ELEMENT TEMPERATURES. 

ANALYSIS ( nonlinear TRANSIENT) INCLUDES : 

— APPLIED SURFACE HEATING 
— SURFACE RADIATION TO SPACE 

ELEMENT TEMPERATURES ARE COMPUTED AT DIFFERENT ORBITAL POSITIONS 
FOR AN ORBIT. 

ELEMENT TEMPERATURES ARE TRANSFERRED TO THE LARGE DEFORMATION 
STRUCTURAL ANALYSIS PROGRAM (AS THERMAL EFFECT) FOR 
DISPLACEMENT AND STRESS COMPUTATIONS. 
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STRUCTURAL ANALYSIS 


ANALYSIS INCLUDES : 

~ LARGE DEFORMATION (NONLINEAR) 

— THERMAL EFFECT 
~ PRETENSION EFFECT 

DISPLACEMENTS AND STRESSES ARE COMPUTED AT DIFFERENT 
ORBITAL POSITIONS FOR AN ORBIT ( QUASI - STATIC ) 



TYPICAL NODAL DISPLACEMENT HISTORIES 











fypical cable stress response 
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PLANS : 


® COMPLETE DEVELOPMENT OF PRETENSION PROGRAM 

® PERFORM 2-D HOOP COLUMN MODEL WITH .* 

(1) LINEAR ANALYSIS 

(2) LINEAR "stress -STIFFENING ANALYSIS (ansys) 

o PERFORM 3-D HOOP COLUMN MODEL WITH: 

(1> LINEAR ANALYSIS 

4f 

(Z) LINEAR ” STRESS - STIFFENING ANALYSIS 

(3) non-linear analysis 
6 membrane ^.ffects. (f) 


thermal analysis 
structural analysis 
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